


■'.a}. \ 




'ATER MOVEMENTS IN THE 
NANTICOKE REGION 

OF 

LAKE ERIE 

1976 





Ministry 
of the 
Environment 



The Honourable 
Harry C. Parrott, D D.S. 
Minister 

KM. Sharpe, 
Deputy Minister 



Ontario 



Copyright Provisions and Restrictions on Copying: 

This Ontario Ministry of the Environment work is protected by Crown copyright 
(unless otherwise indicated), which is held by the Queen's Printer for Ontario. It 
may be reproduced for non-commercial purposes if credit is given and Crown 
copyright is acknowledged. 

It may not be reproduced, in all or in part, for any commercial purpose except 
under a licence from the Queen's Printer for Ontario. 

For information on reproducing Government of Ontario works, please contact 
ServiceOntario Publications at copyrishtfSlontario.ca 






MATER MOVEMEITS IN THE 

NMTICOKE REGIOi 

OF 

LAKE ERIE 

1976 



Balbir Kohli 

Water HesourGes Branoh 

Ontario' Ministry of the Environment 

135 St. Clair Avenue West 

Toronto , On tar io 

August 1978 



WATEl MOfEMENTS IN THE NANTICOKE HEGION' OF 
LAKE ERIE 1976 



SUMMARY 

The on-going invest igat ion of water movements in the ¥ieinity of the 
recently constructed Stelco DO'Cik, in the Nanticoke region of Lake 
Erie, c:ontinued during 1976. The magnitude of currents was 
generally slower in 1976 than in the previous years; probably due to 
the proximity of Stelco Dock to the instrument locations. The 
resultant current speed ranged from 0.^^ to 1.7 cm.s with 
persistence factors of 0.23-0,69. The direction of net currents 
near the dock indicated the possibility of a flow pattern or current 
field convergence. The current magnitudes were temporally 
homogeoous during 1976 while the presence of the dock redirected or 
changed the local direction. 

Spectral analysis of the data showed the presence of some lakewide 
effects in the nearshore zone after their absence in the early 

post-operatioinal period (1973-7^). Mo significant coherences were 
observed between the currents on either side of the dock. 



WATEl MOfEMiMTS IN THE NINTICOKE lEGIOM OF 

LAKE ERIE 1976 



liTRODUCTION 

Is part of the oD-,golng Investigations by the i.anticoke 
,En¥ironm,ental Committee (MEC) , the water mo'vements study was 
eontlnued offshore of MantLcoke, Lake Erie (see Figure II) during 
1976. Two Geodyne type self-recording eurrent instrunents (without 
temperature sen,sors) were operated, from May 20 to O'ctober 19',, 1976 ^ 
one on either side of the recently constructed Stelco dock ... 

The purpose of the present study was to compare the results with the 

previous water movements investigations (MEC, 1973; Kohli, 197^, 
1976 and 1977 - see Figure 2 for the previous study locations) in 
the area and determine ,any trends or effects due to the increased 
industrial activity in the region. 

The Stelco dock (see Figure 3) construe tioo commenced In April 1975 
and was completed in O'Ctober 1976. The dock extends 11 90 m. into the 
lake and coiiprlses three sections: a 320' n nearshore bridge; a 420 m 
causeway; and a 450 m wharf including the offshore bridge. To 
facilitate construction, a temporary causway was built at the site 
of the nearshore bridge in April 1975 (Camberlain, 1978). This 
blocked the water moviements, accumulated sediiients and led to their 
resuspension. The temporary causway was rem,oved in O'ctober 1976 to 
allow the free m:Ovement of water,, fish ,and sediments along the 
shoreline., Camberlain (1978') showed that while the turbidity 
increased near the dock during construction, it decreased at the 
Gom.pletion of Gonstruction indicating n,o perm,anent effect of the 
dock on turbidity. 



All data collected were oumerieally smoothed (see Appendix I) and 
then partitioned Into monthly records for oonparlson with the 
previous results. Each data set wa,s subjected to statistical 

analysis to determine the spatial and temporal charaGteristics of 
water movements. Spectral analysis of the data identified the 
physical meehanisms responsible for the coa,stal motions. 

DISCUSSIOiS 

The resultant eurrents are ¥ectorially represented in Figure 1 ,, 
indicating net water movements towards the south or away from the 
dock except during June and October 1976 at the easterly location 
(175). Such water movement patterns may be due to the proximity of 
the Stelco dock to the study sites. Careful examination of the 
resultant currents (see Figure 1) shows that they were approximately 
In opposite directions on either side of the dock during July and 
August 1976. This may be due to a flow pattern or current field 
eonvergenoe. 



Statistical results of the eurrents at both location.s are summarized 
In Table 1. The resultant eurrents ranged from 0.4 to 1.7 cm. a" 
while the arithmetic average, speed of eurrents varied from 1,1 to 
U,Q cm. s"". The maximum current speed recorded during the study 
period (May to October 1976) was 18.4 cm,.s~'. The persistence 
factors ranged between 0.23 and 0.69. During 1975j the currents 



were generally faster than the earlier years (Kohli, 1977). The 

rhi 
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resultant eurrents during 1975 were from 0,2 to 11.3 cm.s"' while 



the arithmetic average speed ranged between 3.7 and 13.8 cm,.s" 
and the maximum current speed recorded was 56.9 om,s~\ During 
1974, the resultant eurrents varied from 0.9 to 5.8 cm,.s" and the 
arithmetic average speed ranged between 2.5 and 7.0 cm.s~- (lohli,, 
1976). 
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The mean, speed, of all a,rith,metle average currents during 1976 was 

-1 -1 

2.7 011.3 with the atandard deviation of 1.0 en,. a . Thus the 

nonthly arithmetic average ourreots remained within one standard 

deviation from the mean Indleating that the current magnitiLide,s- were 

■maintained during the present .study. Data on current directions 

show the dock Is redirecting or changing local direction. The 

effect of the dock on water movements will be studied in more detail 

during 1978 by operating ourrent instruments under the nearshore and 

offshore bridges of the dock. In other words,, the current 

nagnitudes were temporally homogenous during the present study. 

Table 2 presents some comparative characteristiGs of water movements 
of the study sites during 1968-76. The study locations of the 
previous years appear in Fi,gure 3. In five sixths of the records 
(1968-76), currents were parallel to the reeultant for more than 30^1 
of the time. As a measure of cofflparison, distances travelled along 
the resultant direction in lOi h (arbitrarily chosen) were computed 
and are listed in Table 2, An average of 1,3 km distance was 
travelled in 10 h (for the present study) with a standard deviation 
of QA km, (average/standard deviation = 3.3). This represented the 
second lowest distances travelled, lowest being 0.8 km in 1973. The 
slower water movements of 1976 may be attributed to the close 
p,rQ'Ximity of the Steleo docks ( a physical barrier) to the study 
locations. Water m,ovemente away from 'the physical barrier of the 
Steleo dock, were ,not investigated. 

Fl,gure 4 and Table 3 present the percentage of time the net water 
movements were In a ma,jor compass direction. During 1976, the net 
water movem,ent was 30$ from the West and 40 1 from the North 
(probably due to the study locations being in close proximity of the 
Steleo dook). However,, for the total period of 1968-76, the net 
movera,ents were 51% of the time from the west and 23'l of the tim,e 
from, the east.. The predominant directions of currents during 1976 
was from the north while it remained parellel to the shoreline 
(east-west) ,for 80$ of the time during 1968-76,. 
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Iverage nonthly wind speed, at Slmcoe, Ontario during 1968-76 
presented in Figure 5, shows no signifieant differences over the 
years. Thereforei the slower current speeds for the present 
investigation are not correlated to the wind speed. 

AutospeGtra 

A suimary of major spectral periods for currents (along the 

noirth-south and east-west directions) Is presen;ted in Table 4. 
Rockwell (1,966) computed the Merian period as 16. 8 h and the first 
five modes of longitudinal free oscillations of Lake Erie as m.1, 
8'. 9, 5.7, 4.1 and 3.7 h respectively,. Merian period may be related 
to the obaerved period of 17 - 1 h in the east-west direetlon durin,g 
June at site 176. The observed period of 13.3 h,, at site 175 in the 
north-south direetion during June and at location 176, in the 
east-west direetion during July, is close to the fundameo,tal period 
of 14.1 h. The semi-diurnal period of 12.0 h at location 175 during 
May in the east-west direction may be attributed to the lunar 
tides. ¥alues close to the eomputed period of Lake Erie (lockwell, 
1966) were observed at both study sites (see Table 4). Hoekwell 
(1966) also com,puted the fTj,ndamental period of Long Point Bay as 2.5 h 
and this period and values close to it were generally observed at 
both locations (see Table 4). The closeness of the observed periods 
(Table 4) to the theoretically eomputed modes (Rockwell, 19663 
confirms the presence of lakewide and baywide effects on currents at 
the study locations. The lowest observed frequenoies of ,2.3 and 2.2 h 
are attributed to the local shoreline effects. 

,A, comparison of significant spectral periods at all study loeatlons 
offshore of Nanticoke,, Lake Erie since 1968 is presented in Table 5. 
The range of ,gpectral periods during 1976 was slni,la,r to that in 
1975. Diurnal and lakewide periodicities were pred,offl,inant during 
the pre-operatlonal period of 1968-69. However, the local 
periodoeities of less than 3 h and the lower modes of Lake Erie were 



predominant in the post operational perlo-d oif 1973-76. This 
indicates the importance of the local phenomenon in the coastal 
regions of Lake Erie (offshore of Mantlooke) Som,e longor 

periodicities were observed reeently (1975-76) indioating the 

presence of the lakewide effects after their absence in .an early 
post-operational period (1973-74) - see Table 5. If their presence 
persists in the future, it would be of some iiiport.aii.ce to long term 

trenda in water mo¥eiD,ents. 

During 1976, currents were cross- correlated on both sides of the 
dO'Ck but no significant coherences were observed. This may be due 
to the physical barrier between the two study locations. 



COiCLUSIOiS 

The currents on both sides of the Steleo dock were relatively slower 

during 1976 and this was probably due to^ the proximity of the 
physical barrier near the study area . It is not known if the 

slower currents prevailed in the open coastal areas, offshore from 
i.anticoke during the year. The resultant current speed ranged from 
QA to 1.7 em. s"''' with persistence factors of 0.23-0'. 69. During 
1976, the Baxim:um current speed recorded was 18.4 em. ,s while 
the arit'hmetie average speed of currents varied from 1.1 to H,Q 
om.s" for the months of May to October. During the present 
study,, the net currents came fr^, north, west and east for 40, 30' 
and 20'| of the records respectively i.e. the resultant currents 
remained parallel to the dock for 40j of the records and paralled to 
the east-west shoreline for 50^ of the records. However, during 
1968-76, the resultant currents were along the east-west axis for 
801 of the records. 

The spectral analysis of the currents confirm,ed the importance of 
local phenomenon on the water movements In the coastal regions , 
offshore of Nantieoke. 
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TABLE 1: Statistical S'ummary of Current Meter 'Operations, Offshore of Nanticoike, Lake Erie, 1976 



_^ - ■ 


LO'CATION I 




175 




1 




176 






PERIOD 




May 


Jun 


Jul 


Aug 


Sep 


Oct 


May 


Jun 


Jul 


Aug 


Resultant direction coining 
from '0° as North 


261 


139 


283 


312 


346 


40 


345 


43 


83 


69 


Resultant Speed (ciii.s ) 


1.63 


1.153 


0.79 


0.70 


0.99 


1.34 


0.77 


0,38 


1.15 


1.25 


Average Speed (cm.s ' ) 


2,45 


3 . 22 


3,49 


2 . 82 


4.04 


3.78 


1.13 


J .64 


2.02 


1.95 


Maximuin, Speed Ccm.s ") 


7.94 


12.88 


12 . 75 


10.44 


18.44 


13.19 


6.25 


11.25 


15.69 


i4.es 


Persistence Factor 


0.69 


0.50 


0.23 


0.25 


0.24 


0.35 


0.68 


0.23 


0.57 


0.64 


Percentage O'f Negligible* speed 
(% of recording period) 


14 


16 


6 


15 


6 


6 


34 


29 


20 


28 


Percentage Ovf time going in 
direction of resultant 


40 


35 


18 


18 


18 


i 
20 


45 


8 


34 


24 


Total Ho^, of Readings 


792 


2160 


2232 


2232 


2160 


1341 


792 


2160 


2232 


2232 


Interval of Readings (mins) 


20' 


20 


20 


20 


20 


20 


20 


20 


20 


20 



*<0.31 cm.s'" 
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Mean, «{ ^eed: 
■Claas Rai^p 


IT. direc- l-nravi;J...«l 




^tjuidai-j 


m dixtt!- 


Oipp^.i.ts tD 


Hong tim 




Oade 


Pariofl 


ODOiing Ceoi 


ttesultant 


Besiiltant 


tesiiltant 


ii-Q>3 ,atB-l| 
Osamits 


my :^ji»fl Class. 


'wi'th, mx. 
'OosuowKe 


ttesul:a,lt 


Itesultant 


Travelled 
(lii 10 h) 


uf .ijlstana 
















nagligiblal 


i[aii.B-l) 


fan.s-ll 


lui 10 hj 
(km! 


*m! 


!kEi) 


022 


Mug m 


,262 


40 


14 


54 


m 


27 


4.5 


6.2 










U27 


sep< ea 


277 


45 


23 


m 


10 


3J 


4.5 












0?3 


&p 61 


277 


52 


.11 


63 


54 


25 


1.7 


2.7 








1 


021 


Oct, 68 


272 


41 


26 


w 


18 


25 


4.5 


7.2 


2 6 










lOct 6B 


271 


m 


11 


7i 


10 


20 


4. '5 


9.3 














Oct 6fi 


268 


52 


11 


63 


31 


m 


1.7 


6.2 


2.2 










02! 


Now iS 


.29i 


36 


26 


62 


28 


27 


4.5 


3.7 


1 ^ 










j^2 


msv m 


271 


85 


0' 


85 


1 


23 


4.5 


13.2 








1 1 




mv m 


211 


59 


22 


11 


21 


20 


4.S 


12.0 


4,. 




m 




- 








43 


1.3: 


56 


"-» 


SI 


— r? 


& i 









„ 


024 


M»Y 69 


2'7B: 


SO 


16 


66 


31 


16 


7.1 


9.C 








! * 1 


021 


Joj §9 


74 


33 


28 


61 


3S 


25 


1..7 


3.1 












Li?2 
024 


JuB 69 
Jw! i9 


255 
276 


24 
31 


9 
9 


33 
47 


24 

2B 


25 
21 


4.5 

4.. 5 


5.C 

9.& 


l.fl 
J.i 


1.93 




O.Q^ 






Jul 69 


67 


22 


15 


37 


29 


29 


1 7 


3 4 








1 


022 


Jul 69 


15 


54 


1 


55 


25 


22 












1 


024 


Jul. 69 


18 


12 


7 


19 


35 


22 


1.7 


2,2 


CJ.8 










021 


Feb 70' 


69 


33 


25 
12 


""6$- -' 
45 


41 
74 


10 


4..S 
4.5 


b.S 

i.i 


i.5 

0.4 


"J~45" 




1.4£ 


Olf, 


Jul 73 
fltq' 7 J 
Sep n 


125 

77 
107 


10 
28 
25 


7 

4 

11 
12 


i3 

14 
39 
37 


19 
57 

74 


23 
IS 
15 
15 


l.f 
1,2 

1.2 

3,'0 


1.6 
0./ 
2.7 


i.j 

f, 

a. i 

1.0 


J 79 


0.42 








■lO 


1 


51 


15 


16 


l.S 


5 8 






_ 


nza 


,Hay 14 
Jim 74 


300 
305 


Ml 

42 


9 

iB 


39 
SO 


4 
30 


15 
20 


4.'0 
1.7 


6.8 
4 6 


2.4 

1 .7 










287 


18 


il 


31 


3 




3.0 
1.5 
l,'5 


15.4 
4-1 
2.2 








n: ■ 


.Aug 74 
.Sep 74 


35 

2f5 


27 

17 


■l5 
5 


42 
22 


IS 
15 


19 

21 


1.5 


2..-: 


1.3^- 








5 


40 


6 


31 


1.5 


5.0 


l.S 
































Lib 


Oct 74 


m 


49 


2 


■51 






1,5 


4 4 
9,7 
3,8 


1.6 






Oiiii 


r*-,v 7 J 


255 


2« 


10' 


36 


10' 


36 


1.7 


1.4 
















49 


11. tt 


1J 


4.7 






'-T 


^iV ■'- 


90 


4,0 


2n 


60 




17 


4.5 




.■>.B 














12 


36 


1.1 


19 


1.7 










1 ;'4 


"Viy 7S 


2:64 


37 


■; 


42 


9 






6.9 








1/1 




Ml 




















































15 


m 


34 




IS 


5.0 


9.0 






' 


174 
171 

172 

173 


.ijl -'■> 
Jul 7i 

Scu. 7'j 


224 
214 
276 

9i 
m 

21'..l 


36 

4a 

52 

44 
58 
41 


7 

3 
18 
IS 
5 


43 
4. 

4b 


3 

7 


12 
4 
13 

16 

17 
24 


5.0 
2.5 
3,5 

7.'0 
5,0 
3 ID 


1^.2 
2.3 
4.6 
12.3 
14.2 
5.2 
7.5 


5.1 
0,S 
1 7 
4,5 
'i 1 


3. .43 


1 

1.54 


IM 
171 


Sep 75 
Oct: 75 


27«. 

100' 


4§ 
31 


15 

23 


fi4 
54 




17 
15 


3.'0 
7.0 


2 - 






172 


CCL 73 


101 


50 


17 


6; 




:22 


7.0 


15.2 








173 


Oct 7-, 


2« 


29 


9 


3fi 


11 


14 


1,5 










174 


Cfct ?i 


2%a 


.25 


13 


m 


5 


21 






2.6 
C.2 






171 


Mcy/ /'■ 


32J 


46 


2 


43 




11 




5.2 
17.1 
7 5 






11/ 
173 




90 
270 


71 
44 


.3 
4 


4U 


i 


2.1 
2fi 


10.5 
1.2 








Nov .■''i 


290 


35 


6 


11 




30' 


1.7 


12.5 


4.5 






176 


v,Tj 76 


345 


45 



9 


4(1 
54 


14 
34 


S2 
2S 


.1.5 

0.7 


1.5 


'I.I 
5 






175 


.ACl 7(, 


U9 


35 


5 


4f; 


i6 


24 


9.0 










176 


Ju-1 76 


43 


8 


14 


22 


30 


19 


0,7 


2.9 


1.0 






175 


Jul If, 


.33 


18 


8 


26 


6 


23 


9.0 










176 


■Jul ;fc 


83 


34 


13. 


47 


20 


20 


1.5 


4 1 


i 5 


1.31 


0,40 


175 


Alja 76 


31L2 


IS 




'5 


15 


19 


S.C 


3.4 


1 2 




176 


ajlc 76 


69 


24 


12 


36 


23 


20' 


L.5 


3.4 


1.2 






175 


3^ ;fc 


34« 


1:1 


10 


28 


C 


X 


3.0 


1 >', 


1 7 






175 


Oct T6 


10 


20 


M 


iC 


6 


32 


9.5 


'3.4 
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Table 3 Net Water Movenient Directions 1968-76 
Coming From 





Total No. of 


South 


West 


North 


East 


















Year 


Water Moveraent 


# of 


% of 


# of 


% of 


# of 


% of 


# of 


% of 




Records 


Times 


Total 


Times 


Total 


Times 


Total 


Times 


Total 


1968 


9 






9 


lO'O 




1 






1969 


8 




jj 


i| ^ 


50 


2 


25 


2 


25 


1970 


a 






1 


50 






1 


50 


1973 


i 










1 


25 


3 


75 


1974 


10 






9 


90 


1 


10 






1975 


22 


3 


14 


11 


50 


1 


4 


7 


32 


1976 


10 


1 


10 


3 


30 


4 


40 


2 


20 


1968- 


65 


4 


6 


37 


57 


9 


14 


15 


23 


.1976 





















f 



TABLE 4 :■ S'lammary of Major S;pectral Periods (hours) , 
80 Percent Confidence Level 
Nanticoke, Lake Erie, 1976 





Month 






Location 


1976 


North-South 


East-West 


175 


May 


None 


12.0', 6. 3, 5.0 




Jun 


13.3,4.0,3.1,2.2 


6.3,4.1,2,7** 




Jul 


5.7,3.9,3.2,2.3,2.2 


2,8 




Aug 


NO'ne 


3.5,2.1 




Sep 


6.7,5.0,,3.9,3.2,2.3 


None 




Oct 


6.3* 


6.3,4.1,2.2 


176 


May 


7.5 


10.0,8,0,4.3 : 




Jun 


2.7,2.5,2.3** 


17.1,2.7,2.3 ' 




Jul 


2. 7**, 2. 2 


13.3*,4.4,4.0,2.3 




Aug 


7.5,4.8, 3-6**, 2. 7 


4.1 



* 95 % confidence level 
** 99%. confidence level 



FABLE g : CCCSEftHISO.^J" OF SPECTRAL PiSULTS SITH VREVIOUS STUDIES, HAHTICOKE:, LAKE ERIE 
SIGSiriCaW SPECTKRl p-ERJODS tHOCRS") 



Loca- 
t ion 

(year) 


MAY 


JUN JVL 


AUG 


SEP 


OCT 


:«,V 


N-S 


L-W 


n-s 


E=« 


M-S 


E-W 


N-S 


E-W 


N-S 


E-W 


N-5 


E-W 


r-.'-s 


K^' 


Q22 
(1968) 














20,0,14,0 
9.0 


15. '0,11,0 
6.0 


None 


22 . , 1 3 , 
7.8 


None 


.NO'ne 


1'6.0 


?n.n,,i2.0 
7 . fc , 6 . 


02 3 
(1969) 


















None 


24.0,11.0 
7.4,4,5 


None 


11.0 






021 

(1969) 


■20.0 


20'. 0,13. 7 






'ions- 


10.9 


















022 

(1969). 






None 


17.1,12.0 






















024 
(1969) 


None 


20.0,10.0' 
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APPEMDII 1 



liSTRUMENTATIO'N AID DATA ANALYSIS 1976 



INSTRUMENT OPEBATIO'N 

Two geodyne submersible self-reGordlng instrumeDts. were operated on,e 
on either side of the Stelco dock (see Figure 1) from May 20' to 
O'ctober 19, 1976. Both instruments were laboratory calibrated. 
They were installed about 2.5 m from bottom io about 7.0 m of 

water. The instruments had no temperature senaors and therefore, 
water temperature could not be meaaured. Current speed and 
direction averaged over HQ sec were recorded at 20 min Interval. At 
location 176, west of Stelco dock, the propeller of the instrument 
jamned due to unknown, reasons in the early hours of September 1 , 
1976, and the instrument remained out of operation for the balance 
of the period. 

DATA AiALYSIS 

As in the previous years, the data were numerically smoothed 
(pre-whitened) after Blackman and Tuk:ey (1959 j p. 29,, 39, 74) using 
binomial coefficients after Panofsky and Brier (1968; p. 150). The 
smoothed data were partitioned into the monthly data sets for easy 

eomparison with the earlier result,s. All data sets were then 

3ub,jected to statistical analysis- to compute two-dimensional 
frequency of oocurrence (current speed and direction). The ,frequeney 
tables are presented in Tables 1.01 to 1.10., The resultant speed 
varied from 0.4 to 1.7 era,, s ', the arithmetic average speed ranged 
between 1.1 and H.O era. s~ " . The pereiatence factors were 0.23 - 
0.69 and the maxinum speed recorded wa,s 18.4 cm, s" ., 



Current veloelties were resolved along north-aouth and east-west 
directions and then the hourly averages along the two major 
direetions were computed. The two series of hourly current speeds 
were aubjected to the time series (spectral) analysis by the 
standard numerical techniques (Kohli, 1978). The Fourier 
coefficients were smoothed by the Haaning (BlaokiEan and Tukey, 1959; 
p. 34 and 171). The spectral analysis identlfiea the variance 
distributioo with respect to time (see Table 4) and therefore 
prO'Vldes information on the physical processes responsible for the 
generation of currents in the study area. 
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